The polar transport of the natural auxins indole-3-butyric acid (IBA) and indole-3-acetic acid (IAA) has been described in Arabidopsis (Arabidopsis thaliana) hypocotyls using radioactive tracers. Because radioactive assays alone cannot distinguish IBA from its metabolites, the detected transport from applied [ ]IAA was found in the basal end. Our results demonstrate that the polar transport of IBA is much lower than IAA in Arabidopsis hypocotyls, and the transport mechanism is distinct from IAA transport. These experiments also establish a method for quantifying the movement of small molecules in plants using stable isotope labeling.
The polar transport of the natural auxins indole-3-butyric acid (IBA) and indole-3-acetic acid (IAA) has been described in Arabidopsis (Arabidopsis thaliana) hypocotyls using radioactive tracers. Because radioactive assays alone cannot distinguish IBA from its metabolites, the detected transport from applied [ ]IAA was found in the basal end. Our results demonstrate that the polar transport of IBA is much lower than IAA in Arabidopsis hypocotyls, and the transport mechanism is distinct from IAA transport. These experiments also establish a method for quantifying the movement of small molecules in plants using stable isotope labeling.
Indole-3-acetic acid (IAA), the most abundant form of the plant hormone auxin, is critical for plant growth and development. IAA levels are regulated in plants by multiple means, including biosynthesis of IAA through both Trp-dependent and Trp-independent pathways, conjugation of IAA via ester or amide bonds that can be hydrolyzed to release free IAA, polar transport of IAA over long distances, and degradation of IAA (for review, see Woodward and Bartel, 2005; Seidel et al., 2006) .
Indole-3-butyric acid (IBA), which has had a long history of use as a synthetic auxin to promote root initiation, has been identified as an endogenous compound in a variety of plants (for review, see Ludwig-Mü ller, 2000) , including Arabidopsis (Arabidopsis thaliana; LudwigMüller et al., 1993) . IBA can be synthesized from IAA by a microsomal membrane preparation from maize (Zea mays) seedlings and by an enzyme preparation from Arabidopsis seedlings in the presence of acetyl-CoA and ATP (Ludwig-Mü ller et al., 1995a; Ludwig-Mü ller, 2007) , but no mutants defective in this IAA-to-IBA conversion have been identified. Similar to IAA, IBA can be conjugated via both ester and amide bonds (for review, see Ludwig-Mü ller, 2000) , and the major conjugate of exogenous IBA in Arabidopsis was identified as IBA-Glc (Ludwig-Mü ller and . Endogenous IBA-Glc was also found to be present in Arabidopsis at a high concentration, and this conjugation activity significantly affected plant development and tolerance to environmental stress (Tognetti et al., 2010) . Importantly, IBA is converted to IAA via b-oxidation in a peroxisome-dependent manner (for review, see Woodward and Bartel, 2005; , and the IBA-derived IAA has been shown to be important for organ development in Arabidopsis .
Distinct transport streams occur in plants to transport IAA in a polar fashion. In hypocotyls, IAA moves basipetally from the shoot apex toward the roots. The machinery for IAA polar transport includes passive diffusion of protonated IAA, influx proteins (AUXIN RESISTANT1 [AUX1]/LIKE AUX1 [LAX] ) that transport IAA into the cell, and efflux proteins (PIN-FORMED [PIN] , ATP-BINDING CASSETTE B [ABCB]/PGP) that transport IAA out of the cell (for review, see Peer et al., 2011) . The 1 This work was supported by the National Science Foundation (grant nos. MCB0725149 and IOS-PGRP-0923960), the Minnesota Agricultural Experiment Station, and the Gordon and Margaret Bailey Endowment for Environmental Horticulture.
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www.plantphysiol.org/cgi/doi/10.1104/pp.111.191288 transport of IBA over long distances was suggested by an early study showing that IBA promotes the growth of Avena tissue distant from the application site, and the transport of IBA was found to be lower than IAA (Went and White, 1938) . A study using intact pea (Pisum sativum) led to similar conclusions (Yang and Davies, 1999) . The transport of IBA was also directly measured using radioactive IBA tracers. In midrib sections of Cleopatra mandarin (Citrus reticulate 'Blanco'), the basipetal transport of IBA was lower than IAA and was only about twice the acropetal transport (Epstein and Sagee, 1992 (Rashotte et al., 2003) . Also using radioactive IBA and IAA, Rashotte et al. (2003) performed a detailed study of auxin transport in different Arabidopsis tissues. They found basipetal transport of IAA but no transport of IBA in inflorescence stems, greater basipetal transport of IBA than IAA in hypocotyls, and both basipetal and acropetal transport of IAA and IBA in roots. Taken together, these reports suggest that similar to IAA, IBA can be transported over long distances in some plant tissues. However, knowing that IBA is converted to IAA ]IAA when the radioactivity reached the region up to 4 mm above the root tip, which suggests that only IAA derived from IBA can be transported to areas distant from the IBA application site. To better distinguish IBA and IAA derived from IBA, we decided to use gas chromatography-mass spectrometry (GC-MS) to analyze the transported compounds after the application of stable isotope-labeled IBA, where both IAA and IBA from the same plant sample can be measured simultaneously (Sutter and Cohen, 1992; Barkawi et al., 2008) . In preliminary studies (Supplemental Fig. S1 N 1 ]IBA moved basipetally in a polar fashion, but this movement was not inhibited by NPA. These results suggest that by using specific labeled compounds and GC-MS analysis, the movement and metabolic changes of the labeled compounds can be accurately measured.
To evaluate the role of IBA-to-IAA conversion and IBA metabolism in the transport of IBA in Arabidopsis hypocotyls, we applied [ 13 C 1 ]IBA instead of radioactive tracers in our established system for polar auxin transport measurement in Arabidopsis hypocotyls (Liu et al., 2011) , and we quantified the transported compounds by GC-MS/MS, using (Fig. 3B) . Therefore, about 29% of the [ 13 C 6 ]IAA in the hypocotyl section was transported basipetally to the lower section and receiver (Fig. 3C) Fig. 3F ). These results suggest that the transport of free IBA is much lower than the transport of free IAA in Arabidopsis hypocotyls (less than 1% compared with 29%) and show that IAA synthesized from IBA also enters the IAA transport stream.
Because the transport of [ 13 C 1 ]IBA was very low and was not inhibited by NPA, it is possible that IBA was only transported in the phloem. To test this hypothesis, we quantified the transport of [ IBA in the nakr1 mutant, which was reported to be defective in phloem function but displays normal seedling growth (Tian et al., 2010) . As shown in Figure  4 , the transport of [ 13 C 6 ]IAA and [ 13 C 1 ]IBA in the nakr1 mutant was the same as that in wild-type plants, indicating that the aspect of phloem transport blocked in nakr1 plants does not play an essential role in the transport of IAA or IBA. Because IAA can be converted to IBA and IBA can be converted back to IAA, each via specific metabolic pathways in vivo ( Fig. 1) , it is possible that the transport of IBA may be dependent on these interconversions. To Figure 2 . Summary of the experimental procedures. SRM-MS was used to detect molecular ion-to-major fragment ion transitions produced by methylated IAA and IBA. The major fragment ion for both 3-substituted indoles involves a ring expansion to form the relatively stable quinolinium ion in high yield (Marx and Djerassi, 1968 . As shown in Figure 5H , in the lower section and receiver, the level of Free IAA and IBA can be released from their conjugated forms via chemical hydrolysis: weak base hydrolysis breaks the ester linkage (Baldi et al., 1989) , while strong base hydrolysis breaks both ester and amide linkages (Bialek and Cohen, 1989 (Fig. 6B) . These results confirm that amide-linked IAA is the major conjugate derived from exogenous IAA (Staswick et al., 2005 ; for review, see Slovin et al., 1999) (Fig. 6C) . A similar pattern of these components was also found in the NPA group (Fig. 6C) . In each lower section and receiver of the basipetal group, there was 0.16 pg of [ (Fig.  6D) . These results suggest that a large portion of exogenous IBA is converted to ester-linked IBA and that an extremely small portion of free and/or esterlinked IBA is transported to the lower hypocotyl sections.
DISCUSSION
The aim of this study was to evaluate the transport of IBA and IAA in Arabidopsis hypocotyls using methods that provide accurate compound identification and absolute quantification. To our knowledge, this is the first time that the polar transport of auxins and their metabolites has been measured using the stable isotope labeling approach. Rashotte et al. (2003) found IBA. However, detection of radioactivity after HPLC does not provide quantitative information about the transported compounds, so it is difficult to evaluate the contribution of the transport activity. Also, HPLC retention time alone does not provide precise compound identification. Therefore, we decided to replace the radioactive tracers with stable isotope-labeled IBA and IAA, which can be distinguished from the endogenous compounds by GC-MS/MS based on their mass differences (Fig. 2) , and we can quantify the amount of transported compounds using differently labeled internal standards and the isotope dilution technique. Rashotte et al. (2003) found that when concentrations of IAA and IBA in the donor agar block were increased from 10 27 M to 2 3 10 25 M, the transport of C 1 ]IBA in the donor agar block, a concentration that does not seem to increase auxin conjugation dramatically during a short period of treatment (Sudi, 1966; Venis, 1972) and also yielded detectable amounts of labeled auxins from pooled hypocotyl sections (the amount of transported [ 13 C 1 ]IBA from 20 hypocotyl sections was just above the detection limit). Using Arabidopsis seedlings grown under conditions similar to those used by Rashotte et al. (2003) , we found that a significant portion (29%) of the free [ 13 C 6 ]IAA in the hypocotyl sections was transported basipetally, and this basipetal transport was dramatically inhibited by NPA (Fig. 3, A-C) . This is consistent with results from assays using [ 3 H]IAA tracers described previously (Liu et al., 2011) , and it confirms that transport of IAA plays an important role in regulating the levels of free IAA. In contrast, very little (0.26 pg per plant, less than 1%) free [ (Fig. 3, D-F Rashotte et al. (2003) , the transport of [ 13 C 1 ]IBA was not inhibited by NPA (Fig. 3E) . Because NPA is an auxin efflux inhibitor (Thomson et al., 1973; Goldsmith, 1982) , this result suggests that IBA is not transported by the same efflux proteins that transport IAA. This conclusion is consistent with Ruzicka et al. (2010) , who illustrated that the heterologously expressed IAA efflux proteins (PINs and ABCBs) did not use IBA as their substrates, and the heterologously expressed ABCG37 protein displayed substrate specificity for IBA but not IAA. On the other hand, Rashotte et al. (2003) showed that the transport of [ 3 H]IBA was not reduced in Arabidopsis aux1 mutant roots, and both Yang et al. (2006) and Swarup et al. (2008) Stable-Labeled Auxin Transport substrate for the IAA influx protein LAX3, with a lower affinity than IAA. However, considering that the endogenous level of free IBA is dramatically lower than free IAA (Tognetti et al., 2010) , it is not likely that IBA can be transported by LAX3 under physiological conditions. Taken together, our results and previous reports support the conclusion that the mechanisms of IAA and IBA transport are partially, if not completely, distinct.
It is difficult to distinguish the low percentage of [ 13 C 1 ]IBA transported from diffusion or phloem transport. Even though we found that [ 13 C 1 ]IBA transport was not altered in the nakr1 mutant (Fig. 4) , which is defective in some aspects of long-distance phloem transport (Tian et al., 2010) , this does not exclude the possibility that [ 13 C 1 ]IBA transport might be reduced in mutants that have defects in other aspects of phloem transport. The Arabidopsis suc2 mutant, defective in loading Suc into the phloem, could be a candidate for such a test; however, the mutant seedlings are severely dwarfed (Gottwald et al., 2000; Srivastava et al., 2008) and thus are not easily applicable for use in the hypocotyl transport assay (Dr. John Ward, personal communication). Nevertheless, it would be useful to measure IBA transport in mutants that are defective in long-distance phloem transport if the seedlings are either not dramatically stunted or alternative methods can be devised. Such studies could potentially reveal aspects of the mechanism of IBA transport. The low rates of movement we measured, however, are also consistent with a primarily diffusion-mediated mechanism, and the passive diffusion of protonated IBA can be greater than protonated IAA due to the higher hydrophobicity of IBA. On the other hand, basipetal transport of over 60% of the [ There is an important distinction between the use of radiolabeled auxin measurement of transport and that using stable isotopes and GC-MS. With both procedures, the amount of IAA in the upper hypocotyl section is likely overestimated due to labeled IAA adhering to the plant surfaces; thus, the percentage of transported IAA is potentially underestimated. With stable labels, however, catabolism of IAA or IBA results in compounds, such as oxidized IAA and its conjugates (Ostin et al., 1998; Kai et al., 2007) , not detected by the analytical methods used here. Thus, oxidative degradation at the cut hypocotyl surface (Sánchez-Bravo et al., 1988) could result in an underestimate of total transport only when using the radioisotope method (since with [ 3 H]IAA, its catabolites would still be radioactive, localized to the top section, and would contribute to the calculated IAA content). Similarly, catabolism of IAA in the lower section following transport would result in an underestimate of transport by the stable isotope method. The products of IAA and IBA catabolism could potentially be identified by using a modified extraction and derivatization method prior to GC-MS analysis or by using liquid chromatography-MS based methods (Ostin et al., 1998; Tam et al., 2000; Kowalczyk and Sandberg, 2001; Kai et al., 2007) , but the stable-labeled standards for each corresponding compound would need to be synthesized for quantification. Nevertheless, we found that the percentage transport of [ (Fig. 3C) . However, because of these adhesion and metabolic concerns, we cannot be certain that the IBA-derived IAA is preferentially used for polar transport.
Although we could not detect [ Fig. 5, G-I) . We found that [ 13 C 1 ]IBA transport was not altered in the ibr1 ibr3 ibr10 mutant (Fig. 5,  D-F) , suggesting that the small amount of transport of IBA does not depend on the interconversion between IBA and IAA. Interestingly, we found that the transport of [ 13 C 6 ]IAA in the ibr1 ibr3 ibr10 mutant was significantly lower than in the wild type (Fig. 5C ). Although we do not know how the IBR proteins might play a role in the transport of IAA, this result could partially explain why the ibr1 ibr3 ibr10 mutant does not respond to exogenous IAA in a wild-type manner .
Because both IAA and IBA can be converted to their conjugate forms (Fig. 1) , and because the ester-linked IAA conjugate IAA-myoinositol was found to be transported in maize seedlings (Chisnell and Bandurski, 1988) , it is also possible that both IAA and IBA conjugates are transported over long distances and thus contributed to the transported radioactivity measured by Rashotte et al. (2003) but were excluded in our assay, where only free IAA and IBA were measured (Figs. 3-5) . Therefore, we further quantified the pools of IAA and IBA conjugates using base hydrolysis that selectively breaks ester and amide conjugate bonds. Although the base hydrolysis treatment is relatively harsh, it provides unbiased quantification of the entire IAA and IBA conjugate pools. However, if specific IAA and IBA conjugates had been of interest, alternative methods using either GC-MS or liquid chromatography-MS could have been applied. As shown in Figure  6B , free [ 13 C 6 ]IAA was the dominant form of transported IAA, and only a very small amount of conjugated [ 13 C 6 ]IAA could be detected after transport. Although our analysis did not include metabolites of [ 13 C 6 ]IAA that do not maintain the indole ring and the two-carbon side chain, this result, together with the percentage of transported free [ 13 C 6 ]IAA (discussed above), leads to the conclusion that IAA itself is the major substrate in the polar transport system. Therefore, transported radioactivity measured in assays with [ 3 H]IAA tracers primarily represents the transport of free IAA in Arabidopsis hypocotyls. However, this does not exclude the possibility that the transport of some IAA conjugates occurs in some plant tissues during some developmental periods to provide free IAA in the target tissue, such as the transport of IAA-myoinositol from the maize kernel to the shoot (Epstein et al., 1980; Nowacki and Bandurski, 1980; Chisnell and Bandurski, 1988) . When pools of IBA conjugates were quantified in the lower hypocotyl section and receiver block ( Although we found a small amount of transported free and conjugated IBA, the amount is considerably lower than that of IAA, so it is difficult to consider IBA transport as an important means of IBA regulation, in comparison with IAA transport. Because over 29% of the free IAA was transported basipetally ( Fig. 3C ; discussed above), changes in IAA transport can significantly change the level of free IAA (Liu et al., 2011) and play important roles in root development (Reed et al., 1998; Bhalerao et al., 2002; Salisbury et al., 2007) . In contrast, with less than 1% transport of exogenous IBA (Fig. 3I) , it is not likely that this transport contributes substantially to the IBA pools at sites distant from where the IBA is applied. In addition, found that only IAA, but not IBA, could induce lateral root formation in Arabidopsis mutants that were defective in IBA-to-IAA conversion, suggesting that IBA is essentially an auxin precursor rather than active auxin. Because plants have developed a robust and tightly regulated system to transport the active auxin IAA over long distances (for review, see Peer et al., 2011) , it may not be necessary to develop another system to continuously transport the auxin precursor IBA similarly over long distances. Additionally, similar to what was suggested by Ruzicka et al. (2010) , the transport of IBA may only serve as an additional way to regulate the production of IAA, and the transport may be altered when environmental conditions are changed and IAA production is differently regulated.
The exogenous IAA and IBA were converted to their conjugates in the upper hypocotyl section after the 5-h period (Fig. 6, A and C) . IAA formed more amidelinked conjugates than ester-linked conjugates, while IBA was mostly converted to ester-linked conjugates. Interestingly, the level of amide-linked [ 13 C 6 ]IAA in the upper section was significantly increased when NPA was added in the receiver block, while the level of free [ 13 C 6 ]IAA was not changed (Fig. 6A) . Because the transport of [ 13 C 6 ]IAA into the lower section was significantly inhibited by NPA (Fig. 6B) , and thus [ 13 C 6 ] IAA could accumulate in the upper section, this result suggests that conjugating IAA via amide linkages might be a way to regulate the level of free IAA by removing the excess amount of IAA, and at least for the amidelinked IAA conjugates IAA-Asp and IAA-Glu, they may be further metabolized by oxidative degradation (Tuominen et al., 1994) .
The formation of the large amount of ester-linked IBA is consistent with what was found previously, and the major conjugate is most likely IBA-Glc (Epstein and Ackerman, 1993; Baraldi et al., 1995) . On the other hand, the total amount of free and conjugated [ Tognetti et al. (2010) found that the gene encoding the IBA-Glc-conjugating enzyme (UGT74E2) was rapidly and strongly induced by oxidative stress and the level of IBA-Glc was dramatically increased under stress conditions, it is possible that the IBA-Glc-conjugating activity was significantly induced at the cut surface of the hypocotyl and that the formation of IBA-Glc conjugates led to more IBA taken up into the plant tissue. This finding can also be linked to the phenomenon that IBA is better than IAA in stimulating adventitious root formation in plant cuttings, possibly because plant tissues store more exogenous IBA than IAA in a conjugate form, which can release free IBA over a long period of time after the application of exogenous IBA and eventually provide free IAA for root primordia induction (Liu and Reid, 1992) .
In summary, we evaluated the transport of IAA and IBA in Arabidopsis hypocotyls using stable isotopelabeled tracers and GC-MS/MS. We found that, in contrast to previous reports using radioactive assays, the transport of free IBA was much lower than the transport of free IAA and was not inhibited by NPA, and that IBA was metabolized to IAA and IBA conjugates during the transport while IAA remained as free IAA after transport. We conclude that the mechanism of IBA transport is fundamentally different from IAA, and the transport and metabolism of IBA can be an additional means to regulate the levels of free IAA that can trigger physiological responses.
Our study also shows that by using stable isotope labeling and MS, the movement and metabolism of both endogenous and applied compounds in plants can be accurately identified and quantified. Therefore, in addition to an analysis of auxin transport and metabolism, we have also demonstrated a model system that should prove useful for the analysis of the transport and metabolism of other plant hormones and small molecules that have potential regulatory activity.
MATERIALS AND METHODS

Plant Materials and Growth Conditions
Wild-type Arabidopsis (Arabidopsis thaliana) and ibr1 ibr3 ibr10 seeds were gifts from Dr. Bonnie Bartel, and nakr1 seeds were from Dr. John Ward. All experiments were performed with ecotype Columbia. Seeds were imbibed in distilled water for a few hours, surface sterilized in 2.0-mL microcentrifuge tubes with 1 mL of 70% ethanol for 2 min followed by 1 mL of 30% commercial bleach (to yield 2% sodium hypochlorite) for 5 min, and washed with sterile water five times. Seeds were sown onto MS medium (4.33 g L 21 Murashige
and Skoog salts; MSP01-50LT; Caisson Labs), 0.8% (w/v) Phytoblend agar (PTP01-500GM; Caisson Labs), and 1.5% (w/v) Suc (Sigma-Aldrich), pH 5.7. After seeding, agar plates were wrapped with Parafilm (Pechiney Plastic Packaging) and kept at 4°C for 3 d, and seedlings were grown vertically on the plates at room temperature (22°C) under 5 mmol m 22 (photosynthetically active radiation) continuous cool-white fluorescent light for 5 d before the measurement of auxin transport. These growth conditions were similar to those described by Rashotte et al. (2003) .
Synthesis of Stable Isotope-Labeled IBA
The synthesis of [ 13 C 8 , 15 N 1 ]IBA was as described previously (Cohen and Schulze, 1981; Barkawi et al., 2008 (« = 6,060) and confirmed by reverse-isotope dilution selected ion monitoring GC-MS with an unlabeled IBA standard.
Hypocotyl Auxin Transport Assays
The hypocotyl basipetal IAA transport assay was modified from that recently described (Liu et al., 2011) . Six millimeters of an Arabidopsis hypocotyl section harvested directly below the shoot apex was placed on an agar plate after excision, and an auxin donor block of 1.5% agar (SigmaAldrich) containing 0. were used as the +NPA control, and a second control was used in which the orientation of the tissue section was inverted (acropetal control). Two strips of polyethylene film (Saran Original; S.C. Johnson & Sons) were placed between the agar blocks and the support agar on the plates to avoid diffusion of stablelabeled auxin through the support agar and thus prevent an undesirable increase in background. The agar plates were placed vertically with donor blocks down for 5 h in a chamber with high humidity provided by moist filter paper, and each hypocotyl section was then divided into apical and basal halves. When [ 13 C 6 ]IAA was added in the donor blocks, five replicates of basal half-hypocotyl sections and receiver blocks were pooled into one microcentrifuge tube, and the corresponding apical half-hypocotyl sections were pooled into another microcentrifuge tube. Samples were collected in a similar way when [ 13 C 1 ]IBA was added in the donor blocks, but 20 replicates of hypocotyl sections were pooled into one microcentrifuge tube. The samples were frozen in liquid nitrogen quickly after collection and stored in a 280°C freezer before quantification of free stable-labeled auxins. When conjugated stable-labeled auxins were quantified, sample sizes were doubled and twice the number of tissue sections were pooled into one sample.
Quantification of Free Stable Isotope-Labeled IAA and IBA
The quantification methods were modified from methods described previously (Barkawi et al., 2010; Liu et al., 2011 N 1 ]IBA was added. Tissues were homogenized using a Mixer Mill (MM 300; Qiagen) with tungsten carbide beads (3-mm beads for 1.5-mL tubes and 2.3-mm beads for 0.5-mL tubes; Craig Ball Sales). After 1 h on ice, the homogenate was diluted 10 times by adding water and then centrifuged at 10,000g for 10 min. The supernatant was passed through a 200-mL TopTips (TT2EMT.96; Glygen) solid-phase extraction column containing 5 mg of NH 2 anion-exchange resin (12213020; Varian) and then washed by a series of solvents and solutions essentially as described by Liu et al. (2011) . To reduce the loss of IBA during extraction, only 60 mL each of hexane and methanol was used to wash the resin after diluted plant homogenate was loaded. IAA and IBA were both eluted from the solid-phase extraction tip by 3 3 80 mL of 0.25% phosphoric acid (A242; Fisher Chemicals), and the eluate was partitioned against 100 mL of ethyl acetate (E195-4; Fisher Chemicals). The ethyl acetate layer was collected and transferred to a 250-mL glass insert (CTI-9425; ChromTech), and the sample was methylated in the insert by adding ethereal diazomethane in the presence of 10% methanol (34860; Sigma-Aldrich) and waiting 5 min; then, the solvents were evaporated under a stream of N 2 gas, and the sample was redissolved in 15 mL of ethyl acetate. The methylated IAA and IBA were analyzed using GC-selected reaction monitoring (SRM)-MS on a Thermo Trace GC Ultra device coupled to a TSQ Vantage triple quadrupole MS system (Thermo Scientific) under the conditions described previously (Barkawi et al., 2010; Liu et al., 2011) . The quinolinium ions produced from the molecular ions of IAA ( placed on top of the apical end of Arabidopsis hypocotyl sections as described above. The agar blocks were collected into microcentrifuge tubes after 0-and 5-h transport periods, and the tubes were weighed and quickly frozen in liquid N 2 . The agar blocks were homogenized using the Mixer Mill as described above, after adding 400 mL of methanol containing 10 mL each of 10 . Extraction and methylation of free IAA plus that released from the conjugates were as described previously (Liu et al., 2011) , and the method for GC-SRM-MS analysis was as described above. Levels of free Arabidopsis Genome Initiative locus identifiers for genes mentioned in this article are as follows: IBR1, At4g05530; IBR3, At3g06810; IBR10, At4g14430; and NaKR1, At5g02600.
Supplemental Data
The following materials are available in the online version of this article.
Supplemental Figure S1 . 
ACKNOWLEDGMENTS
